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57. Abstract 

Object: The present invention provides a process for producing a SiAlON-based 
sintered body with greatly improved structural homogeneity compared to conventional 
SiAlON-based sintered bodies; it eliminates color irregularities, has improved corrosion 
resistance, and has greatly improved mechanical properties such as high temperature 
strength, fracture toughness, etc., of course, and in particular greatly improved oxidation 
resistance due to uniformity of the intergranular glass phase. 

Constitution: Characterized in that, when producing a SiAlON-based sintered 
body containing crystals of REoc-SiAlON and crystals of P-SiAlON, the RE-containing 
powder that is the starting material is a fine powder with crystal size 5-50 nm, primary 
particle size 0.01-0.1 \im, specific surface area 20-100 m 2 /g, and secondary particle size 
5 jam or smaller. 
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Claims 

Claim 1 : A process for producing a high strength SiAlON-based sintered body 
when producing a SiAlON-based sintered body containing REa-SiAlON crystals 
represented by the formula: 

RE x (Si,Al) 12 (0,N) 16 [I] 
(where RE indicates at least one modifying rare earth element selected from the'group 
consisting of Ho, Er, Tm, Yb, and Lu, and x is a number satisfying 0<x<l) and £ 
SiAlON crystals represented by the formula: 

Si 6 - Z A1 Z 0 2 N 8 . 2 [E] 
(where z is a number satisfying 0<z<4.2) by combining: 

(a) a crystalline silicon nitride powder, 

(b) a metal aluminum or aluminum nitride powder, 

(c) a powdered oxide of an RE that can be solid-solved in interstices of the 
lattice of cc-SiA10N (RE indicates at least one modifying rare earth element selected from 
the group consisting of Ho, Er, Tm, Yb, and Lu) or a metal salt powder that creates the 
aforesaid RE oxide through thermal decomposition, and if necessary 

(d) an oxygen-containing compound of aluminum or silicon, 

and then sintering the formed mixture in a nitrogen-containing atmosphere at 
1 600-2 100°C, 

wherein starting material (c) is a fine powder with crystal size 5-50 nm, primary 
particle size 0.01-0.1 jam, specific surface area 20-100 m 2 /g, and secondary particle size 
5 um or smaller. 

Detailed Description of the Invention 
[0001] 

Industrial Field of Application 

The present invention pertains to a process for producing a high strength SiAlON- 
based sintered body useful for producing various types of engineering ceramics having 
high temperature strength and high hardness and high toughness 
[0002] 

Prior Art and Its Problems 

oc-SiA10N is a material having a crystal structure of a-silicon nitride in which Si 
is partially substituted by Al and N is partially substituted by O, and a modifying cation 
M is solid-solved in interstices of the lattice, the Mct-SiAlON being represented by the 
formula: 

Mx(Si ! Al) I2 (0,N), 6 

(where M indicates Li, Mg, Ca, Y, or a lanthanide element (except for LA and Ce), and x 
is a number satisfying 0<x<l ). This Ma-Si AlON has the characteristics of an 
engineering ceramic such as high hardness, low thermal expansion coefficient, improved 
corrosion resistance, etc. However, characteristics such as strength, fracture toughness, 
etc. are not satisfactory for engineering ceramics; one cause is thought to be that in 
sintered bodies consisting only of an Ma-SiAlON crystal phase the shape of the crystals 
is granular. Therefore, in order to improve upon this defect, Laid-open Patent 
Application Sho 58-185484, Laid-open Patent Application Sho 58-204875, Laid-open 
Patent Application Sho 63-233082, etc. have proposed a SiAlON-based sintered body 
that is a composite of an Ma-SiAlON crystal phase and a needle-shaped (3-SiAlON 
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crystal phase of p-silicon nitride in which Si is partially substituted by Al and N is 
partially substituted by O, represented by the formula: 
Si 6 -zA] z 0 2 N 8 -z 

(where z is a number satisfying 0<z<4.2). Nevertheless, the mechanical characteristics of 
this SiAlON-based sintered body are not fully satisfactory when it is used as a high 
temperature material. Also, yttrium (Y) is common as the modifying cation Nf, but a 
SiAlON-based sintered body containing Y loses oxidation resistance at high 
temperatures, and its application to gas turbine components and the like, which are used 
under severe conditions, is expected to be difficult. 
[0003] 

Therefore, tests have been performed in order to improve oxidation resistance by 
using rare earth elements as the modifying cation M; these have an ionic radius that is the 
same as yttrium's or smaller. Nevertheless, in the commonly used method of preparing a 
sintered body, which uses a rare earth element oxide powder as an aid, it is difficult to 
uniformly disperse the rare earth element when mixing the aid, and this causes 
heterogeneity in the fine structure, and as a result color irregularities are created at the 
surface of the sintered body, and these are simultaneously the cause of irregularities in 
corrosion resistance. This sort of difficulty is a major problem for practical use 
[0004] 

The object of the present invention is to resolve the aforesaid problems and, when 
producing a SiAlON-based sintered body with superior oxidation resistance and high 
temperature strength and high toughness, to provide a production process that brings out 
to the greatest extent the properties of that material. 
[0005] 

Means for Resolving the Problems 

The present invention can produce a high strength, high toughness SiAlON-based 
sintered body with no structural irregularities when producing a SiAlON-based sintered 
body containing REa-SiAlON crystals represented by the formula: 

RE x (Si^l) 12 (0,N) I6 [I] 
(where RE indicates at least one modifying rare earth element selected from the group 
consisting of Ho, Er, Tm, Yb, and Lu, and x is a number satisfying 0<x<l) and p- 
SiAlON crystals represented by the formula: 

Si 6 . 2 Al z O z N 8 _ z [II] 

(where z is a number satisfying 0<z<4.2) (hereinafter "REa/p-SiAlON-based 
sintered body"); instead of using an oxide powder with primary grain size 0.2-5.0 jam 
and specific surface area 10 m 2 /g or less, which is often conventionally used as the RE- 
containing starting material powder, the present invention uses a fine powder with crystal 
size 5-50 ran, primary particle size 0.01-0.1 |im, specific surface area 20-100 m 2 /g, and 
secondary particle size 5 |im or smaller. Furthermore, in the present invention the values 
for crystal size, primary particle size, and secondary particle size are all represented as 
average values. 
[0006] 

The aforesaid REa/p-SiAlON-based sintered body is produced by the following 
method. 

Mix (a) crystalline silicon nitride powder, (b) metal aluminum or aluminum 
nitride powder, (c) powdered oxide of an RE that can be solid-solved in interstices of the 
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lattice of ct-SiA10N (RE indicates at least one modifying rare earth element selected from 
the group consisting of Ho, Er, Tm, Yb, and Lu) or a metal salt powder that creates the 
aforesaid RE oxide through thermal decomposition, and if necessary (d) an oxygen- 
containing compound of aluminum or silicon to produce the desired REa/p-SiAlON 
composition, and form the mixture, and then sinter it in a nitrogen-containing atmosphere 
at the temperature range of 1 600-2 1 00°C. 
[0007] 

In the present invention powder (c), a compound containing an RE that can be 
solid-solved in interstices of the lattice of oc-SiA10N, is characterized as using a fine 
powder with primary particle size 0.01-0.1 ^im, specific surface area 20-100 m 2 /g, 
crystal size 5-50 nm, and secondary particle size 5 fim or smaller. Various methods of 
obtaining a fine powder of a compound containing the aforesaid RE can be considered; 
shown below are some examples. 

Example 1 : First, an RE oxide powder is dissolved in an aqueous nitric acid 
solution, and then this is additionally diluted, producing an aqueous solution with low RE 
concentration. While cooling and stirring, aqueous ammonia is added dropwise to this, 
yielding a neutral precipitate. 

Example 2: A small amount of water is added dropwise to an alcohol solution in 
which an alkoxide of RE is dissolved, yielding a hydrolyzed sol. The sol obtained is 
additionally gelled to yield a precipitate. Drying these precipitates yields the aforesaid 
powder. 
[0008] 

Also, in the present invention the primary particle sizes of powders (a), (b), and 
(d) should be 0.1-0.5 jim. 

Examples of (d)'s oxygen-containing aluminum compounds include alumina, 
alumina-containing substances, and alumina precursors, for example, aluminum 
hydroxide, aluminum alkoxide, etc. Of these, using alumina is preferred. Most preferred 
is using alumina that has not been heat-treated at 1000°C or higher, such as y-alumina. 
Examples of oxygen-containing silicon compounds include silica, silica-containing 
substances, and silica precursors, for example, silicon alkoxide. Of these, using 
amorphous silica is preferred. 

The mixing ratios of powders (a), (b), (c), and (d) are normally (a) 80-95 wt%, 
(b) 2-7 wt%, (c) 2.5-10 wt%, (d) 0.5-3 wt%. 
[0009] 

In the present invention the method of mixing the aforesaid starting material 
powders is not particularly restricted. Any known appropriate method can be used, such 
as dry-mixing the individual starting material powders, or a combination of wet-mixing 
the starting material powders in an inactive liquid and then removing the inactive liquid, 
etc. A V-shaped mixer, ball mill, vibration mill, etc. may be conveniently used as the 
mixing apparatus. In order to additionally and effectively mix the RE-containing powder 
that is a characteristic of the present invention with silicon nitride powder, one may use a 
method in which a specified amount of silicon nitride powder is dispersed in the RE 
aqueous solution previously indicated (Example 1), and then a neutralizing reaction is 
carried out, or a method in which a silicon nitride powder is dispersed in an alkoxide 
solution (Example 2) and gelled. 
[0010] 
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Various methods may be employed for heating and sintering the starting material 
mixture. One method, for example, is to form the mixed powder dry or wet to the 
specified shape, and if it is wet-formed to apply a drying process, and then sinter it at 
ambient pressure or elevated pressure in a nitrogen-containing non-oxidizing atmosphere. 
Another method is to charge the starting material powders into a die of the specified 
shape and hot press it. The sintered bodies produced by the aforesaid methodsmay have 
their sintered body physical characteristics increased even more by using a hot isostatic 
press method on the sintered body. Forming the mixed powders before ambient pressure 
or atmosphere-pressure sintering can be carried out by known methods such as rubber 
pressing, uniaxial pressing, slip casting, injection molding, impact forming, etc. The 
sintering pressure is usually 1 600-2 100°C, and the sintering time is usually 5-10 hours. 
If the heating temperature is too low, sintering does not proceed, and if the heating 
temperature is too high, the composition of the sintered body is changed by thermal 
decomposition. 
[0011] 

Embodiments 

Next, embodiments and comparative examples shall be described. 
Embodiments 1-5 

First, RE oxide powder was dissolved in 60% aqueous nitric acid solution to a 
concentration of 60 g/liter, and this was additionally diluted 3 x to an aqueous solution 
with a concentration of 20 g/liter. While it was cooled and stirred in a water bath, 
aqueous ammonia was added dropwise to this, yielding a neutral precipitate. The 
obtained precipitate was dried in a vacuum dryer, yielding a fine RE-containing powder. 
The characteristics of the powder thus obtained were as follows. 

Crystal size: 20 nm 

Primary particle size: 0.05 jim 

Specific surface area: 40 m 2 /g 

Secondary particle size: 2 jim 

Grain shape: Equiaxed crystal 

Metal impurities: <500 ppm 

This RE-containing powder and a-silicon nitride powder (UBE Industries), 
aluminum nitride (Tokuyama Soda), aluminum oxide (Sumitomo Chemical) were 
combined in the ratios shown in Table 1, and wet-milled for 48 hours using ethanol as the 
medium, and then vacuum dried at 80°C. The resulting powder mixtures were preformed 
into rectangular shapes using molds with section 50 x 80 mm square, and then rubber 
pressed with pressure 1.5 ton/cm 2 . The resulting compacts were heated from room 
temperature to 1750°C in a nitrogen atmosphere at ambient pressure using an electric 
furnace with temperature rising 2°C/minute, and then kept at 1750°C for four hours 
[0012] 

Table 2 shows the results of measuring the bulk density and formed phase ratios 
of the resulting SiAlON-based sintered bodies. Furthermore, the formed phase ratio was 
calculated from X-ray diffraction peak strength. Also, 100 test pieces measuring 3 x 4 x 
4 mm were cut from the prepared sintered bodies, and these were set in a four-point 
bending test jig with outer span 30 mm and inner span 10 mm, and their bending strength 
was measured at room temperature and 1300°C. Fracture toughness Ki C was measured 
by the SEPB method. To test the oxidation resistance of the sintered bodies, test pieces 
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were heated in air at 1350°C for 100 hours, and the weight gain due to oxidation and the 
bending strength at room temperature after oxidation were measured. Table 2 shows 
these results. 
[0013] 
Table 1 



Embodiment 


RE Element 


Starting Material Composition (wt%) 


Si 3 N 4 


A1 2 0 3 


A1N 


RE Powder* 


1 


Ho 


88.1 


1.5 


4.5 


5.9 


2 


Er 


88.1 


1.5 


4.5 


5.9 


3 


Tm 


88.0 


1.5 


4.5 


6.0 


4 


Yb 


88.0 


1.4 


4.5 


6.1 


5 


Lu 


88.0 


1.4 


4.5 


6.1 



* The RE-containing powder does not have a specified composition, so it was calculated 
as the oxide converted weight after presintering at 800°C. 

[0014] 
Table 2 



Emb. 


Crystal Phase 


Bulk 

Density 

(g/cm 3 ) 


Bending 
Strength 
(MPa) 


Kic 

(MPaVm) 


After Oxidation 


a phase 
(wt%) 


p phase 
(wt%) 


Weight 

Gain 

(mg/cm 2 ) 


Bending 
Strength 
(MPa) 


1 


>20 


>72 


3.281 


1290 


7.4 


0.80 


910 


2 


>21 


>71 


3.289 


1200 


8.3 


0.29 


1070 


3 


>19 


>74 


3.274 


1310 


7.6 


0.19 


1040 


4 


>23 


>69 


3.279 


1280 


7.8 


0.10 


1110 


5 


>27 


>64 


3.294 


1330 


8.9 


0.07 


1200 



[0015] 

In Embodiments 6-10 a small amount of water was added dropwise to an alcohol 
solution in which RE alkoxide was dissolved, and a hydro lyzed sol was obtained. The 
obtained sol was gelled by boiling it for 5-6 hours at the solvent's boiling point, yielding 
an RE-containing powdered precipitate. This precipitate was dried in a vacuum dryer to 
yield fine RE-containing powder. 

The characteristics of the powder thus obtained were as follows. 



Crystal size: 
Primary particle size: 
Specific surface area: 
Secondary particle size: 
Grain shape: 
Metal impurities: 



15 nm 
0.03 |Lim 
70 m 2 /g 
1 jim 

Equiaxed crystal 



<500 ppm 

This RE-containing powder and a-silicon nitride powder (UBE Industries), 
aluminum nitride (Tokuyama Soda), aluminum oxide (Sumitomo Chemical) were 
combined in the ratios shown in Table 3, and wet-milled for 48 hours using ethanol as the 
medium, and then vacuum dried at 80°C. The resulting powder mixtures were preformed 
into rectangular shapes using molds with section 50 x 80 mm square, and then rubber 
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pressed with pressure 1.5 ton/cm 2 . The resulting compacts were heated from room 
temperature to 1750°C in a nitrogen atmosphere at ambient pressure using an electric 
furnace with temperature rising 2°C/minute, and then kept at 1750°C for four hours. 
Bulk density, formed phase ratio, bending strength, fracture toughness Kr C , and oxidation 
test for the obtained SiAlON-based sintered bodies were measured in the sam$ way as in 
Embodiment 1 . Table 4 shows the results. 
[0016] 
Table 3 



Embodiment 


RE Element 


Starting Material Composition (wt%) 


Si 3 N 4 


A1 2 0 3 


A1N 


RE Powder* 


6 


Ho 


91.1 




3.4 


4.4 


7 


Er 


91.0 




3.4 


4.5 


8 


Tm 


91.0 




3.4 


4.5 


9 


Yb 


90.9 




3.4 


4.6 


10 

* TU„ DTI „ 


Lu 


90.9 




3.4 


4.6 



as the oxide converted weight after presintering at 800°C. 

[0017] 
Table 4 



Emb. 


Crystal Phase 


Bulk 


Bending 


Kic 


After Oxidation 




a phase 


(3 phase 


Density 


Strength 


(MPaVm) 


Weight 


Bending 




(wt%) 


(wt%) 


(g/cm 3 ) 


(MPa) 




Gain 


Strength 














(mg/cm 2 ) 


(MPa) 


6 


>10 


>82 


3.280 


1300 


7.6 


0.82 


900 


7 


>11 


>81 


3.291 


1220 


8.4 


0.31 


1060 


8 


>9 


>84 


3.272 


1330 


7.9 


0.20 


1020 


9 


>13 


>79 


3.281 


1290 


7.9 


0.12 


1100 


10 


>27 


>64 


3.292 


1350 


8.9 


0.09 


1180 



[0018] 

Comparative Examples 1-5 

RE-containing powders having the following characteristics: 



Crystal size: 
Primary particle size: 
Specific surface area: 
Secondary particle size: 
Grain shape: 
Metal impurities: 



200 nm 
0.4 fim 
7m 2 /g 
8 \xm 

Equiaxed crystal 



<500 ppm 

and a-silicon nitride powder (UBE Industries), aluminum nitride (Tokuyama Soda), 
aluminum Sxide (Sumitomo Chemical) were combined in the ratios shown in Table 5, 
and wet-milled for 48 hours using ethanol as the medium, and then vacuum dried at 
80°C. The resulting powder mixtures were preformed into rectangular shapes using 
molds with section 50 x 80 mm square, and then rubber pressed with pressure 1.5 
ton/cm 2 . The resulting compacts were heated from room temperature to 1 750°C in a 
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nitrogen atmosphere at ambient pressure using an electric furnace with temperature rising 
2°C/minute, and then kept at 1750°C for four hours. Bulk density, formed phase ratio, 
bending strength, fracture toughness Kic, and oxidation test for the obtained SiAlON- 
based sintered bodies were measured in the same way as in Embodiment 1 . Table 6 
shows the results. 



[0019] 
Table 5 



Comp. 
Example 


RE Element 


Starting Material Composition (wt%) 


Si 3 N 4 


A1 2 0 3 


A1N 


RE Powder 


1 


Ho 


88.1 


1.5 


4.5 


5.9 


2 


Er 


88.1 


1.5 


4.5 


5.9 


3 


Tm 


88.0 


1.5 


4.5 


6.0 


4 


Yb 


88.0 


1.4 


4.5 


6.1 


5 


Lu 


88.0 


1.4 


4.5 


6.1 



[0020] 
Table 6 



Comp. 
Example 


Crystal Phase 


Bulk 

Density 

(g/cm 3 ) 


Bending 
Strength 
(MPa) 


Kic 

(MPaVm) 


After Oxidation 


a 

phase 
(wt%) 


P 

phase 
(wt%) 


Weight 

Gain 

(mg/cm 2 ) 


Bending 
Strength 
(MPa) 


1 


>20 


>72 


3.281 


900 


5.9- 


1.60 


550 


2 


>21 


>71 


3.289 


840 


6.6 


0.60 


640 


3 


>19 


>74 


3.274 


920 


6.1 


0.40 


630 


4 


>23 


>69 


3.279 


900 


6.2 


0.20 


670 


5 


>27 


>64 


3.294 


930 


7.1 


0.15 


730 



[0021] 

Effect of the Invention 

A SiAlON-based sintered body produced by the present invention has greatly 
improved structural homogeneity compared to a conventional SiAlON-based sintered 
body. It eliminates color irregularities, has improved corrosion resistance, and has 
greatly improved mechanical properties such as high temperature strength, fracture 
toughness, etc., of course, and in particular greatly improved oxidation resistance due to 
uniformity of the intergranular glass phase, so it can be suitably used as a high-reliability 
structural material, particularly in heat resistant components such as rotors, stators, 
burners, etc. for gas turbines. 
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5 . O^ra, Jt^®SA>* 1 0 raVgiSlTfc V ^ ^ ttWJWi" 
4Kfl*»*£fflV^ftbi3K:. ^ a a B ^^5-5 0 n 
m. -<^©^fl#0. 0 1—0. Ura, Ml«* ; 2 
0-1 OOmVg, -<m*fetf5 um&Tb^omm 

so (00061 here «//9 — <f«f 7*n >wm&m±u 



3 

mumx-m^zm. 

{ c ) RE a -1M 7ny<ott?Hfc:SAH8-*s RE 
(REfiHo, Er, Tm, YbfflfL ufrhtc^Mtii* 

(d) r*5-*A»is»»atffc£*fc. ma 

fiOREa//? — 9*4 7n J; 5 leg* U S 

£fll«:tf»LJt«. B**tf#H«Te 1 6 0 0-21 

[0 0 0 7] sJeJMHfciJVvCtt (e) REa-t>f7n 
VtfMWHSfcflABSft* R E S*trtfc^ftO«5ft L 
T, -ftEHWO. 0 1-0. ljum, ib*®m* J 2 
0-1 0 0 id Vs. IMtFg#5-«-5 0nm, ~<m?& 

[0008] *WHfc:*JVvC. (a), (b). 
( d ) *>*»5fel±-<Xifi£Pgj&*0 • 1-0. 

( d ) OT/kS-^A<0B***fl:^»oWfc LTt±. 
7/1-57. 7/u$7**1»l 7;PS7mig*. flitf, 
*iE-ft7/PS-'7A s 7;U $ - ^ A 7/LO df >• K #W 

;u$7<o«k -5 tc l o o O^JiU:<offiST&HUi$*iTU 
*^7*$7#ftiffaB=ttfflSfi4. 

< a ) . ( b ) . ( c ) Mf ( d ) <75*»5fcZ>ig£ffl& 
ti. (a) 80-95*4%, (b) 2-7*5 

%. (c) 2. 5~10Sfi%. (d) 0. 5-3S* 

[0009] *^Ct5V^t . Meai^f-m^coig^- 



(3) 1*9H I 5-43 33 3 

4 

[0010] A^&ftaAghftgtt, WifcT, S£f» 

izx o . mmcr)wmtm.z-m&*h%> i 1 t-c* 

jam atm^s. «aai«»s»fc:jt->Tff5i 
t wx-t h . tim&mimig 1 e o 0-2 1 0 o*ct-& 
0. ^epra{iii#5-i OBSHTCfcS. fttsaiSftQI 

20 t . «K* WR^JWCJ: 1 4 i 3 1=5: 

[00 11] 

imm) mzmmmsmm*^. 

4-f RE<0IWHI1»*S 6«Jg(Oi|«NcJg$(c6 0 g/ 

i cowuzt zix? tzmmttm, ztizmzsmz 

30 *L»»S:RE**1»3fc£»fc. ^Oj;dlcLTf#^ii 

SbWS : 2 0 n m 
— ^KE^F-S: 0. 0 5jum 

2 urn 

mm. : tmtttA 

^m^llfe : < 5 0 0 p p m 

mtT^5=.-7A («l!jV-r») % »fk7^5-'7A 
40 (ftacft?«) 1 t,Trrffi^S^-T, Bflcfc LTX 
4 8*HfaKS'jy^L^». 8 0*C 

7 5 0-CsT-2-C/^T#SL, HjaKC4^HftftL 
[0012] tt^A^-t-f 7ayffi«l6ft«oSM6aEat f 
50 ffliOfl^li. XttH#re-^9tKJ:0KaJLfc. 



(4) *$HiFP5-433 33 

5 6 

fWLfc«asfta»$>3x4x4OM0f-*he-.xi o * i oob^j«jiu muzkzn&ma. s.vwt 

mart 4 AfttflSSi^aiC-fe y h- LX . Sz&Stf 13 0 0 £ . ft 2 fc jjtt . 

•CJciJJtSil«fa«*weLfc. K«iSttfflKicii. S [0013] 
EPBfctcJ: WmUz. 4ft. ft^iifcflGttfttffiig [Si ] 
-fkttM^fctT. -f*he-x£2Sv+l 3 5 0*acT* 

SI 





R Evl*£ 




S i 3 N« 


Al 2 0 3 


A 1 N 


REISfir 


i 


Ho 


8 8.1 


1.5 


4.5 


5.9 


2 


Er 


8 8.1 


1.5 


4.5 


5,9 


3 


Tm 


8 8.0 


1.5 


4.5 


6.0 


4 


Yb 


8 8.0 


1.4 


4.5 


6.1 


5 


Lu 


8 8.0 


1.4 


4.5 


6.1 



[00 14] 



% X [312] 



(5) 



iePJ¥5 -43333 



8 









(MPa) 


Kl C 

(MPa/m) 






win 


CwtSO 


(g/cm*) 


2tfs*ifln 

(mg/cm 4 ) 


. (MPa) 


i 


>2 0 


>7 2 


3.2 8 1 


12 9 0 


7.4 


0.8 0 


9 1 0 


2 


>2 1 


>7 1 


3.2 8 9 


12 0 0 


8.3 


0.2 9 


107 0 


3 


> 1 9 


>74 


3.2 7 4 


13 10 


7.6 


0.1 9 


10 4 0 


4 


>2 3 


>6 9 


3.2 7 9 


12 8 0 


7.8 


0.1 0 


1110 


5 


>2 7 


> 6 4 


3.2 9 4 


13 3 0 


8.9 


0.0 7 


1 2 0 0 



COO 1 5] ££fe#j6~l OREtfOT^ndf^K^jgJS 



!S*Pg 

mm. 



1 5 nm 
0. 03jura 
7 On 2 /g 
1 ju m 

<500ppm 



30 *y-**JHv\ 48«BHK$y^U:tt. 8 0*C 

1 i: HflHc LTSBg LfegmSrH 4 fcjjrf . 
[00 16] 

40 ims] 



• . •» * 



(6) #iFF5-43333 
9 10 
S3 









Si 3 N, 


Al 2 0, 


A 1 N 




6 


Ho 


91.1 


1.1 


3.4 


4.4 


7 


Er 


9 1.0 


1.1 


3.4 


4.5 


8 


Tm 


9 1.0 


1.1 


3.4 


4.5 


9 


Yb 


9 0.9 


1.1 


3.4 


4.6 


1 0 


Lu 


9 0.9 


1.1 


3.4 


4.6 



COO 17] * * [H4] 



(7) 
^4 



#^¥5-4 333 3 

1 2 







(g/cm*) 


auras 

(MPa) 


Kj C 

(Wa/m) 




an 
(wt» 




JOPs/JU 

Cmg/cm 2 ) 


(MPa) 


6 


> 1 0 


>8 2 


3.2 8 0 


13 0 0 


7.6 


0.8 2 


900 


7 


> 1 1 


>8 1 


3.2 9 1 


12 2 0 


8.4 


0.3 1 


10 6 0 


8 


> 9 


> 8 4 


3.2 7 2 


13 3 0 


7.9 


0.2 0 


10 2 0 


9 


> 1 3 


>7 9 


3.2 8 1 


12 9 0 


7.9 


0.1 2 


110 0 


1 0 


>2 7 


> 6 4 


3.2 9 2 


1350 


8.9 


0.0 9 


118 0 



[ooi8] mmi-5 

MATS 



2 0 0 nm 
0 . 4 urn 
7n z /g 
8 urn 

<500ppm 



iff**? 



4 8^fSSK5 yy* 



r , ffmtf 5ox8o nn^^#s^ mv . t&imz? 

30 flWBBUrflL EEJjl.5ton/ctf "W«-7U*U:. 
f*«ifc«#*£. ms^Frfflwt. ttEoagSBJK 
*-C^ffl*>4»175 0-C*T'2-C/^T#St, RSK 

[0019] 
[*I5] 



(8) 8BPF5-433 33 

13 14 

S5 







BSSHK^Jfc (wtK) 


S i, N 4 


Al 2 0 3 


A 1 N 




1 


Ho 


8 8.1 


1.5 


4.5 


5.9 


2 


Er 


8 8. 1 


1.5 


4.5 


5.9 


3 


Tm 


8 8.0 


1.5 


4.5 


6.0 


4 


Yb 


88.0 


1.4 


4.5 


6.1 


5 


Lu 


8 8.0 


1.4 


4.5 


6. 1 



10020] * * {S63 



(9) 

S6 



»IS¥5-4 33 3 3 

1 6 



mm 






OPa) 


Kic 
(MPa/m) 






(wt» 


pm 
(wt» 


(g/cm') 


ffi-JS-Hftfin 

SiPBUP 
(mg/cm 2 ) 


: (MPa) 


i 


>2 0 


>7 2 


3.2 8 1 


9 0 0 


5.9 


1.6 0 


5 5 0 


2 


>2 1 


>7 I 


3.2 8 9 


8 4 0 


6.6 


0.6 0 


6 4 0 


3 


> 1 9 


>7 4 


3.2 7 4 


9 2 0 


6. 1 


0.4 0 


6 3 0 


4 


>23 


>6 9 


3.2 7 9 


9 0 0 


6.2 


0.2 0 


670 


5 


>27 


>6 4 


3.2 9 4 


9 3 0 


7.1 


0.1 5 


73 0 



